Electrolytes and minerals are involved in most cellular activities and assume a major role in metabolism. The present study is aimed to understand the influence of electrolyte alterations on serum lipid profile and enzymes in chronic cigarette smokers. Thirty human male volunteers in each group, aged between 27 and 35 taking local diet and smoking for 7-10 years at least 8-12 cigarettes per day were chosen as experimental subjects. All the subjects were using cigarettes without a filter. Controls (age, sex and diet matched) who did not smoke were selected for the study. Blood samples drawn from human volunteers by venipuncture and were used immediately for analysis. There was no significant change observed in serum sodium, chloride levels, where as significant (p < 0.05) increase was observed in potassium, iron, calcium and phosphate in chronic cigarette smokers when compared to controls. Further, enhanced activities of the serum enzymes viz., transaminases (Aspartate Aminotransferase (AST) and Alanine Aminotransferase (ALT)), alkaline phosphatase (ALP), lactate dehydrogenase (LDH) and with no change in γ-glutamyl transferase (γGT) were observed. The concentration of calcium was positively correlated with serum total cholesterol and low-density lipoprotein (LDL) cholesterol (r = 0.252, r = 0.347) respectively and negatively (r = −0.164) correlated with high-density lipoprotein (HDL) cholesterol, further, potassium was positively correlated with LDH, ALP and ALT (r = 0.419, r = 0.174, 0.248) respectively in chronic cigarette smokers. Chronic cigarette smoking might have induced alterations in membrane permeability properties of tissues and organs, which might have resulted in changes in signal transduction and electrolyte imbalance.
INTRODUCTION
World wide more than 3 million people currently die each year from smoking, half of them before the age of 70, an enormous human cost, and more than one third have cardiovascular events that often determine permanent disability of affected subjects. There are more than one billion smokers in the world with an increased/decreased/again increased smoking habit. 1) Smokers are at greater risk for cardiovascular diseases, respiratory disorders, cancer, peptic ulcers and gastroesophageal reflux disease, blindness, bone matrix loss, and hepatotoxicity. 2, 3) Cigarette smoke contains over 4000 different chemicals, 400 of which are proven carcinogens it also contains various oxidants such as oxygen free * To whom correspondence should be addressed: Department of Biochemistry, Sri Krishnadevaraya University, Anantapur-515 003, Andhra Pradesh, India. Tel.: +91-8554-255761; Fax: +91-8554-255244; E-mail: vdp 1975@yahoo.co.in radicals and volatile aldehydes which are probably the major causes of damage to biomolecules. 4) The highly unstable free radicals attack important cellular constituents including DNA, proteins and other opportune targets, particularly cell membranes and the oxidative stress generated is implicated in the pathogenesis. 5, 6) Electrolytes and minerals are involved as catalysts in most cellular enzyme catalyzed reactions and assume a major role in metabolism. They have multiple functions such as holding fluids in compartments of the body and maintaining normal acidbase balance, nerve conduction, blood clotting and muscle contractions. Literature survey shows that no sufficient work has been done to study the effect of cigarette smoking on serum electrolyte alterations and its influence on serum lipid profile and enzymes. Electrolyte disturbances may lead to severe and even life-threatening metabolic abnormalities such as coronary heart disease, liver disease, lungs infection, kidney failure, disorders of endocrine system. 7, 8) Hence, the present study is aimed to understand the influence of electrolyte alterations on serum lipid profile and enzymes in chronic cigarette smokers.
MATERIALS AND METHODS
Thirty human male volunteers in each group, aged between 27 and 35 residing in Anantapur, India taking local diet and smoking for 7-10 years at least 8-12 cigarettes per day were chosen as experimental subjects. All the subjects were using cigarettes without a filter. Controls (age, sex and diet matched) who did not smoke were selected for the study. All the volunteers were well informed about the experimentation and their written consent was obtained. Institutional ethical committee approved this study. Blood samples from overnight fasted subjects were used for the study. All the volunteers in the present study were free from chronic diseases, illness and use of any tranquillizers, drugs and anaesthetics. Blood samples drawn from human volunteers by venipuncture and were used immediately for analysis. This study was approved by Sri Krishnadevaraya University ethical committee, Anantapur, India. Estimation of Serum Mineral Content, Enzymes and Lipid Profile --The serum calcium, 9) phosphorous, 10) iron, 11) sodium, 12) potassium, 13) chloride, 14) and total bilirubin 15) as well as activities of alkaline phosphatase (ALP), lactate dehydrogenase (LDH), 16) γ-glutamyl transferase (γGT), 17) Aspartate Aminotransferase (AST) and Alanine Aminotransferase (ALT) 18) were determined. Serum total cholesterol, 19) triglycerides, 20) high-density lipoprotein (HDL)-cholesterol, 21) lowdensity lipoprotein (LDL)-cholesterol and very lowdensity lipoprotein (VLDL)-cholesterol 22) levels were determined. Statistical Analysis --Data were subjected to statistical analyses, values are means ± S.D. of 30 subjects in each group. Two-sided paired Student's t-test was performed for finding significant difference between the groups. A p < 0.05 was considered statistically significant. Correlations between variables were assessed in smokers group with Pearson's correlation coefficients (r). Table 1 shows the characteristics of controls and cigarette smokers. Table 2 shows minerals (calcium, phosphorous and iron) and electrolytes (Na + , K + and Cl − ) in serum of cigarette smokers and control groups. Cigarette smoking significantly (p < 0.05) altered electrolytes and minerals when compared to control group. There was no significant (p < 0.05) change observed in serum sodium, chloride levels, where as significant (p < 0.05) increase was observed in potassium, iron, calcium and phosphate in chronic cigarette smokers when compared to controls. Enhanced activities of the serum enzymes viz., AST, ALT, ALP, LDH and with no significant (p < 0.05) change in γGT were observed in cigarette smokers compare to control group (Table 3) .
RESULTS
Levels of cholesterol, triglycerides and lipoprotein patterns in serum of controls and cigarette smokers presented in Table 4 .
A significant (p < 0.05) increase in serum cholesterol, triglycerides, LDL-cholesterol, VLDL-cholesterol followed by a significant (p < 0.05) decrease in HDLcholesterol in cigarette smokers is evident from the data.
The relationships between levels of serum calcium and lipid profile as well as potassium and serum enzymes in chronic cigarette smokers were presented in Table 5 . The concentration of calcium was positively correlated with serum total cholesterol (r = 0.252, p < 0.012), LDL-cholesterol (r = 0.347, p < 0.019) and negatively correlated with HDL cholesterol (r = −0.164, p < 0.001), further, potassium was positively correlated with LDH 
DISCUSSION
Cigarette smoking is a world-wide major cause of preventable morbidity and mortality. [23] [24] [25] Smoking yields chemical substances with cytotoxic potentials. 26) In one puff of a cigarette, the smoker is exposed to more than 10 15 free radicals in the gas phase alone, with additional exposure in the tar phase equal to more than 10 17 free radicals per gram. 27, 28) Cigarette smoke consists of many chemicals, including nicotine, tar with its many carcinogens, and gaseous compounds including carbon monoxide (CO). 29, 30) CO was shown to accumulated in the human body with repeated smoking. 31) Chronic exposure to low levels of CO results in tissue hypoxia. 32, 33) Hypoxia represents a stress that induces cell growth arrest and injury, probably as a result of decreased blood oxygen carrying capacity. 34) Increased carboxyhemoglobin and decreased oxyhemoglobin might have resulted in respiratory acidosis and electrolyte imbalance. Sodium together with potassium assists in the maintenance of the body's electrolyte and water balance. 35, 36) In addition, potassium and sodium play an important role in nerve conduction, muscle contraction, and the transport of substances across membranes. 37, 38) In the present study no significant change was observed in serum sodium and chloride concentrations in chronic cigarette smokers when compared to controls since people consume enough salt in diet. LDH is an enzyme detectable in cytoplasm in almost every cell of the human body, which becomes extra-cellular upon cell death. Therefore, its extracellular presence is always related to cell necrosis and tissue breakdown. 39) Increase in the activity of serum LDH and potassium levels may be attributed to the cigarette smoking induced skeletal muscle damage which may leak cellular contents along with potassium and LDH in to the serum. 40) Because the kidneys are the major regulators of external potassium homeostasis, accounting for approximately 80% of potassium transit from the body, renal dysfunction can result in gross abnormalities in serum potassium levels. 7) Serum iron and red cell hemoglobin concentrations were increased in chronic cigarette smokers when compared to controls. These results are in agreement with previous studies. 32, 41) As tissue hypoxia leads to inadequate oxygenation of blood circulation through lungs results in erythrocytosis and consequent increased production of erythropoietin. 41) Erythropoietin enhances erythropiosis and increases red cell mass above normal level. 42) Increased total red blood cell mass count increases the number of destroyed red blood cells in the normal turnover process which subsequently increases iron over load. 43) This finally leads deposition of excessive iron in the parenchymal cells causing hepatocellular liver damage. 44) Iron over load may amplify the damaging effects of superoxide over production in a very broad spectrum of inflammation both acute and chronic conditions. Furthermore, chronic oxidative stress may modulate iron uptake and storage, leading to a self sustained and ever-increasing spiral of cytotoxic and mutagenic events. 45) Present data shows a significant rise in serum transaminases LDH and ALP activity in chronic cigarette smokers when compared to control groups. Previous studies have reported a significant rise in total serum or tissue specific activity of the above enzymes due to nitrosative stress. 46) The observed low concentration of bilirubin in cigarette smokers when compared to controls may be the activity of hepatic bilirubin Uridine 5 diphosphate (UDP)-glucuronyl transferase (UGT) which can be induced by cigarette smoke. 47) The components of cigarette smoke are reported to undergo metabolic activation by cytochrome p450 enzymes to form reactive electrophiles, which cause nitrosative stress leading to cytotoxicity mutagenecity and carcinogenicity. 25, 48) Cigarette smoke contains a large number of chemical substances with hepatotoxic potential including nicotine. 26) Cigarette smoke also induces oxidative stress by stimulating NADPH oxidase and decreasing antioxidant defenses, leading to lipid peroxidation. 49) These effects could lead to increased hepatocellular damage and subsequent activation of resident hepatic stellate cells, a major fibrogenic celltype. In fact, other fibrogenic cell-types such as mesangial cells are stimulated by products from cigarette smoke, such as nicotine to proliferate and produce increased amounts of extracellular matrix proteins. 50) Another potential mechanism by which cigarette smoke leads to liver fibrogenesis may be iron deposition. 51) Increase in serum calcium levels of chronic cigarette smokers are correlated with increase in plasma lipid profile. Increase in calcium concentration was negatively correlated with serum HDLcholesterol and positively correlated with LDLcholesterol. HDL may be involved in the modulation of calcium channels and its decrease might have increased the concentrations of calcium in the plasma of chronic cigarette smokers. 52 ) Serum calcium may be an independent risk factor for myocardial infarction in middle-aged men followed for 18 years. 53) Cigarette smokers are susceptible to coronary heart diseases. 1) It has been reported that the severity of coronary atherosclerosis is closely related to coronary artery calcification, which itself may correlate with serum calcium and phosphorus concentrations. 54, 55) In summary, chronic cigarette smoking might have induced alterations in membrane permeability properties of tissues and organs, which might have resulted in changes in signal transduction and electrolyte imbalance. The molecular mechanisms behind these changes and biochemical consequences are needed further in-depth study.
